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CQNFIGURA!3?ION8 ON A 579 TURBOJET EIpGm 
By Harry E. Blmmer  and Carl E. C s q b e l l  

An investigation w a ~  conducted i n  an RACA al t i tude test r_hnmber t o  
evaluate  several  afterburner  configurations on an XJ79 engine. Data were 

formance of increased buraer diamter and modifications t o   t h e  f hmeholder, 
fuel system, and flaw swirl. The dats f o r  the  configur&tions were obtained 
f o r  a range of af terburner- inlet   to ta l  pressures from 860 t o  3290 pounds 
per  square  foot  absolute at a burner-inlet  temperature of I5300 R. 

obtained f r o m  nine  configurations which show the effect on burner  per- 
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Simple fuel system and flameholder m W i c a t i o n s   t o  the or iginal  
prototype  configuration  increased  the  conbustion  efficiency and lowered 
the pressure drop resul t ing i n  s d s t a n t f a l  tlnvst increases. A p p l y i n g  
these  modMications t o  a farger diameter burner  resultea  in  further per- 
formance gains at a l l  flight conditions  investigated. A t  59,480 feet and 
8 Mach rimer of 2.0, the thrust advantages for t h e   W g e  burner over the 
small. burner amounted t o  19 percent, and the  specific fuel consumption 
w a s  lower by approxhately 10 percent. - 

During an investigation of the altitude performance and operational 
characterist ics of an XJ79 engine i n  an XACA altitude test c-er, the 
afterburner performance w a s  evaluated. In the pre-nary stage of this 
evaluation,  the performance w a s  below that r e q - e d   t o  meet mil i tary spec- 
if ications.  Therefore, a t  the request of the A i r  Force, a program wa8 
undertaken t o  improve the  afterburner performance suf f ic ien t ly  t o  meet 
thrust specifications. Other phases of the  x379 program are reported i n  
references 1 and 2. 

Some E5 afterburner  configurations were investfgated. O f  these only 
nine were of major significance, and only the   da ta  f o r  these nine  are 
presented  herein. The data presented illustrate the  effects  on performance 
of increased burner diameter and modlficationa t o  the  flameholder, fuel 



2 NACA RM E57Il.8 

injectors,  and flow s w i r l  in to  the afterburner. The data presented i n  
references 3 t o  6 and used as a guide t o  burner  configurations shows the 
effects of similar afterburner  alterations on performance and operational 
characterist ics.  

Data were obtained  over a range of afterburner fuel-air r a t io s  at a 
burner-inlet temperature of 15300 R, and a range of burner-inlet pressures 
from 860 t o  3290 pounds per a w e  foot  absolute. These conditions  cor- 
respond t o  f L i g h t  Mach nmibers from 1.16 t o  2.0 at altitudes f r o m  35,000 
t o  70,000 feet. Graphical comparisons of performance are presented i n  
terms of conibustion efficiency,  burner-outlet gas temperature, and burner 
pressure b a s .  W u h t e d  p,erf&aance h t a  
I1 . 

APPARATUS 

I n s t a l l a t  ion 

The XJ79 i n s t a l l a t i o n   i n  the a l t i tude  

are ~ presented i n  tables I and 

test  &anher is shown i n   f i g -  
ure 1. The forward bulkhead, which incorporates a labyrinth seal around 
the engine-inlet air duct, w a s  used to  separate  the  engine-inlet  air  f r o m  
the exhaust and t o  provlde a means of maintaining a pressure difference 
&cross the engine. A bulkhead but te r f ly  valve vas used to   con t ro l  the 
Bzaount of air used to   ven t i l a t e  the test cha&er. 

The XJ79 engine,  used in this investigation, has a sea-level s t a t i c  
thrust rating  without  afterburning of approximately 10,000 pounds a t  an 
engine  speed of 7460 rpm. A t  this rating, the tmblne-outlet gaa temper- 
ature is 10760 F, and engine a i r f l o w  is approximately 164 pounds per 
second. 

Main conponents of the engine  include a 17-stage axial-f Low compres- 
sor which incorporates variable i n l e t  guide vanes and first six stages of 
stator blades, 8 cannular-type combustar with t en  cans, a three-stage 
turbine, a diffuser assentbly, an afterburner with louvered  cooling  liner, 
ir is-type variable primary and sec0mh-g nozzles, and a conibinertion elec- 
t ronic  and hydraulic control. For the purposes of this investigation, 
the secondary-nozzle segments were removed. During the investigation, 
the third-stage turbine-rotor  design w a s  changed slightly. 

The control system on the XJ79 engine comprise the main f u e l  system 
which incorparates the vafieble-stator control, afterburner fuel 
system, and an ex3mus-t-nozzle mea cotrtrol. The inputs to the main fuel 
control are manually selected throttle position, eugfne speed, compressor- 
i n l e t  temperature,  compressor-discharge pressure, and t e l e f l ex  feedback 
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s igna l  from the vmiable  stators.  To previae surge margin during sccel- 
eration and Lar corrected-speed  operation, the i n l e t  &de vanes and the  
f b s t  six stator  stages are varied approximate- 3 5 O  according t o  a 
corrected-engine-speed  schedule. During the course of the investigation 
the schedule was altered and the maximum mechanical  engine  speed wss 
raised 3 percent  to 7700 r p m  to achieve a higher t h r u s t  during  operation 
at a high  engine-inlet  temperature  corresponding t o  the bkch 2.0 flight 
condition. The original and altered  variable-stator  schedule is shown 
in  f igure 2. 

The XJ79 afterburner fuel   control  system is a flow-scheduling type 
which schedules the required flow a8 determined by compressor-discharge 
pressure and throt t le  position. This fuel control system was not used 
during this investigation. The afterburner-fuel-flaw schedule is pre- 
sen ted   in  figure 3, and a schematic drawing of the efterburner  fuel system 
used in  the  invest igat ion fs shown i n  figure 4. A flow divider and selec- 
t o r  valve were provlded t o  distribute the f'uel for the  required primary- 
and secondary-uniform patterns, and sector  patterns. For this   invest i -  
gation the selector valve was actuated manually. Hormally, f u e l  always 
flows  through the primary  sector set of f u e l  bars when the   th ro t t le  is 
advanced to  the  afterburning  posit ion.  Then, if t he   t o t a l  flow required 
is greater  than  approximately 3300 pounds per hour, the secondary sector 
set of f u e l  bars becomes operative. When the t h r o t t l e  is further ad- 
vanced, the primary-uniform and (depending on the t o t a l  flow required) 
the secondary-uniform  manifolds are supplied. 

The exhaust-nozzle-area control mechanically schedules the e a u t -  
nozzle mea 88 a function of th ro t t le   t rave l .  The electronic temperature 
control, w h i c h  receives the signal front twelve paralleled t h e m c o u p k s  
at the  turbine  outlet, can override the mechanical  schedule to open the 
nozzle area whenever necessary. This feature was used  during  part of the  
investigation. For the remainder of  the program, the  nozzle was manually 
controlled. 

Afterburner Coqponents 

Afterburners of two different  diameters were used during the investi-  
gation, one with a 33.7-inch outside  diameter and the other w i t h  a 35.7- 
inch  outside  diameter. Details of the burners are shown i n  figure 5. Both 
burners were about the s8me length, approximately 83 inches. The inner 
body of the diffuser and the first lO-inch section of the &er wall Were 
the same. The open and closed limits of the nozzle are8 were about 4.83 
and 2.30 square  feet,  respectivew. 

In  order t o  reduce the whirl  of the  gases  leaving the turbine,  36 
equslly spaced antiwhirl  vanes were ins ta l led  at the i n l e t   t o  the diffuser 
fo r  two configurations. Details of the vanes =e given i n  figure 6 (a), 
and a photograph of the vanes and also the vortex generators is shown i n  
figure 6 ( b ) .  The 28 vortex  generators were supplied 88 par t  of the  engine 
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and are shown i n  ffgure 5. Only one of the f ive  engines  used i n  t he  i n -  
vestigation  did  not have any  vortex  generators installed. 

Six  flameholders were used during the investigation. They differed 
i n  blockage, axial loca t ion   in  the burner, and number of V-gutters. De- 
tai ls  of the flameholders are shown i n   f i g u r e  7 ,  and the uta1 location 
and percent blockage are given i n  table 111 along  with  other  configuration 
details. 

The de ta i l s  of the 4 spray bar configurations are given i n  figure 8. 
The differences were i n  rsdial fuel dist r ibut ion and number of spray bars. 

Illstrumentation 

A cross  section of the engine and the afterburner showing s ta t ion  
locations and a tabulation of imtrumentation at each station  are  given 
i n  figure 9. Pressure and temperature measurements at a 24.5-inch4iameter 
ventur i   in  the inlet   duct   (s ta t ion 1) w e r e  used t o  determine  engine 
airf law. 

The simulated flight condition WBB determined by the  engine-inlet 
instrumentation a t  s ta t ion  2. Diffuser-inlet  conditions were obtained 
from s i x  rakes located 4.25 inches downstream of the tu rb ine  (station 5). 
The angle of gas w h i r l  across the passage w a s  measured at the fuel bar 
location  (station 5a) and a l so  at a s ta t ion  1.8 inches dawnstream of the  
turbine  outlet  with a special ly  designed w h i r l  probe having two s t a t i c  
or i f ices .  

r 

DffRrser-outlet or flameholder-inlet  conditions were determined at 
s t a t ion  6 approximately I1 inches dowm-h.eam of the diff 'mer-inlet   station 
for  the first four  configmattons  with  the 33.7-inch-diameter  pipe. How- 
ever, f o r  the four configurations with the 35.7-inch-diameter pipe and 
configuration 9, s ta t ion  6 w a s  moved t o  a plane  16  inches downstream of 
the  diffuser-inlet   station. It is designated as station  6a  for  theee 
configur€Ltions. 

The same instrument that enabled  the computation of' whirl  angle at 
the f u e l  ba r  station  (58)  also  permitted the establishment of a velocity 
prof i le  inasmuch 88 total   pressure,   s ta t ic   pressure,  and  temperature were 
also measured. When the actuators  for  this  device  failed,  it w a s  neceseary 
t o   i n s t a l l  a fixed  total-pressure and thermocouple rake at s ta t ion  5a 
along  with two s t a t i c  wall taps f o r  some configurations. 

The exhaust-nozzle-inlet  conditions  (station 9) were surveyed about 
12 inches  upstream of the exit with a water-cooled total-pressure rake 
and a w a l l  s tatic  pressure.  The f a c i l i t y  balance system was used t o  meas- 
ure the thrust of t he  engine  and  afterburner  conibiaation. The symbols 

- 
.. 
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and methods of calculation  used  in this report me presented in appendixes 
A and B, respectfvely. 

PROCEDURE 

The performance dharscterist ics of most of the afterburner config- 
urations were obtained over a range of afterburner fuel-air r a t i o s  at the 
following simulated flight conditions and diffuser- inlet   to ta l   pressures:  

- 
1 

3 
3 

45,000 
58, OOO 
70,000 2.0 

Eugine- Engine- 
Lnlet i n l e t  
ram temper- 

Average 

i n l e t  

pxessure, 

abs 

d m - -  

t o t81  

=/sq 

~~ 

100 500 

990 100 500 
1665 100 500 
2800 

85 705 3250 
85 705 1660 
85 705 932 

1 

I 
The procedure for obtafning steady-state-performsnce data w a s  88 

follows : 

After starting the engine and acce lera t ing   to   ra ted  speed (7460 rpm 
at all flight conditions  for the f *st four  configurations; for the re- 
mainder of the investigation, however, the engine  speed w a s  increased  to  
7700 r p m  at the high Mach-n&er condition), the engine-inlet  pressure 
and temperature and the  rated turbine-&let t q e r a t u r e  were set a t  the 
proper  conditfotm. The afterburner w a s  then  ignited by the "pilot" burner 
which contained i ts  owll fuel and sparkplug. The exhaust  nozzle was 
opened manually and the afterburner fuel flaw w a s  regulated so that 
turbine-outlet  temperature was mairtatned at the rated value of 10700 F. 
After burning w a s  stable, the pilot   burner was turned off, and steaw- 
state d8ta points were taken  over the operable range of afterburner fuel- 
air r a t i o s  from lean blowout t o  open exhaust nozzle or rich blawoub. 
%st of the data were obtafned w i t h  uniform distribution of fuel flow. 
Some of the data, however, were taken w i t h  sector distribution. 
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33.7-Inch-Diameter Burner 
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D i f f u s e r  performance. - The 33.7-inch-diameter  burner will hereafter 
be ref erred t o  a8 the "small" burner. The diffuser performance of the 4 

prototype small burner of the manufacturer was evaluated, and the r e su l t s  22 
are presented i n  figure 10 i n   t h e  form of velocity  profiles at var iaus  IP 
s t a t ions   i n   t he  diffuser. The s ta t ions are 4.25, 9.5, and 15.0 inches 
downstream of the diff'user-inlet f huge. The two downstream stat ions 
correspond t o  diffuser a rea   ra t ios  of 1.26 and 1.54, respectively. 
The data presented Were obtained a t  a simulated flight condition of 
35,000 feet and a flight Mach nuniber of 1.16. The average diffuser-inlet  
(s ta t ion 5) velocity w a s  over 900 feet per second. A t  the flameholder 
i n l e t  (=-inch, s ta t ion  6), which was about 6 inches upstreh of the 
flameholder i n  configuration 1, the velocity varied from 300 t o  a maximum 
of over 800 feet per second. Consideratfon of further diffusion shows 
that a peak velocity of approximately 675 feet per second would be reached 
near the f lameholder.  Previous  experience (refs. 3, 5, and 6)  indicates 
that peak veloci t ies  of this magnitude would contribute  to  high-pressure 
losses and reduced conibustion efficiencies. The ins ta l l s t ion  of the vor- 
tex generators did not  significantly  affect  the velocity  proffle. 

- 

Over-all  burner performance. - The prototype  small-afterburner (con- 
f igurat ion 1) performance is presented  in figure 11. Afterburner t o t a l  
temperature and conibustion efficiency are presented as functions of 
~ ~ b W U e d - 8 i r  fuel-air ratio,  and t h e  burner total-pressure drop as a 
function of b-er temperature ra t io .  Although the exhaust-nozzle  diameter 
w a s  opened to 29 inches, the f i n a l  burning temperature was on ly  3150° R3 
the conibustion efficiency w a s  73 percent and the pressure loss w a s  about 
15 percent 

This performance w a s  poor campared with previous  afterburner  exper- 
ience (refs. 3 t o  6 ) .  Two areas of improvement were obvious: (1) reduce 
flameholder and spray bar  blockage t o  lower pressure loss and thus  permit 
higher gas temperatures, and (2) improve fuel dist r ibut ion  to  raise c m -  
bustion  efficiency.  Configuration 2 incorporated these improvements and 
the  performance w a s  ra ised 88 expected. 

A 30-percent  blockage two-v-gukter flameholder was  installed, and the 
40 individual fuel spray bars were canibined in to  20 tandem bar8 of the 
aame f r o n t a l  area with new or i f i ce  spacing t o  more nearly match the ah? 
distribution. 

The performance comparison of configurations 1 and 2 are presented .. 
I n  figure 12 f o r  a flight condition of 35,000 feet, and a Mach number of 
1.16. The peak temperature w a s  r a i s e d   t o  3606' R for  configuration 2. 
Peak conibustion eff ic iency was raised to 92 percent. The total-pressure - 
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drop across  the burner decreased 0.035 points. The decreased spray bar 
blockage  accounted for only about 10 percent of the m e r e n c e   i n  pressure 
drop. 

Configuration 2 representedthe most significant performance  change 
of the small and large burner configurations, and the other  configuratious 
were run t o  develop additional minor hprovemellts  snd t o  check out poss5ble 
prototype alternates. 

Configurations 3 and 4 were run t o  evaluate the effects of two vari- 
sbles f o r  an impending Mach 2.0 flight of 8 prototype  airplane which had 
a 30-percent blockage three-V-f lameholder. The f i r a t  PBsigibLe e v s h t e d  
w a s  the f Ismeholder position.  Configuration 3 had the f-older mounted 
11.4 inches downstream of the fuel spray bms, and configuration 4 had 
the  f lameholder mounted 5 inches further downstream. The other Bariable 
evaluated w a s  a change i n  the vsriable statar schedule. For an engine- 
i n l e t  temperature of 7050 R at an engine speed of 7460 rpm, the corrected 
engine  speed is approximately 6400 rpm. The variable  stator  schedule 
(fig. 2)  calls for an angle of‘ about go. In order t o  increase mass flow 
at this condition, the manufacturer  requested that angles of 00 and 9 be . 
run fo r  both  configurations. 

The performance of configurations 3 aad 4 is presented i n  figure 
for an altitude of 58,000 feet. The downstream location aP the I lameholder 
gives a higher f i n a l  temperature and conbustion  efficiency,  and a lower 
pressure drop. The 9 variable stator position  provides  about 3.5 percent 
less mass flow and also showe an advantage. i n  h-er c&ustion eff iciencg 
and lower pressure drop. Eowever, since the lower flow w i l l  penalize 
thruet, it becomes necessary t o  compare the  configurations on a specif ic  
fuel consmugtion against  net  thrust bash. I n  order t o  provide a colqpsr- 
ison with the specification of the manufacturer (ref. 7), it is .necessary 
t o  adjust the data for  the performance of an ejector nozzle with ?-percent 
secondary air and 100-percent ram recovery  engine-inlet  condtt%ons. (The 
experimental  ejector-nozzle performance taken from refs. 1 and 2 is s h m  
i n   f i g .  25.) 

This couparison between configurations 3 and 4 is presented i n  figure 
14 for a flight condition of 61,400 feet, and a Mach umber of 2.0. The 
3.5 percent lower a W b w  f o r  the 9 variable   s ta tor   posi t ion m e  than 
offsets   the  effect  of higher c d u s t i o n   e f f i c i e n c y  and lower pressure 
drop for  both  configurations. Thus the 00 variable  etator  posit ion shows 
ug with the highest maximum net thruat and the lowest specif ic  fuel  con- 
sumption. 

35.7-Inch-Mameter B u r n e r  

The engine  had  not reached the specif icat ion  level  at the Mach 2.0 
condition. One of the most dlrect  w a y s  t o  improve the afterburner 
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performance . in order t o  achieve the epecification thrust was to   increase 
the burner  diameter, and, therefore, Lower the burner  velocity. The 
lower velocity would reduce pressure losses and permit  higher gas temper- 
atures and, conseqwntly, higher thrust f o r  the same edaust nozzle. The 
manlzfacturer provided a burner with a 2-inch larger  diameter which gave 
a =-percent increase i n  cross-sectional area. IU aadition, a "reset" 
feature was incorporated i n  the engine fue l   cont ro l   to  allow the  engine 
speed to   i nc rease   t o  7700 rpm, t o  increase mass f low (and thrust)  and the 
variable s ta tors ,  and t o  assume a 20 position when the i n l e t  temperature 
approached 7050 R (corrected  engine speed equsls 6600 rpm). Also, a 
slightly modlfied third-stage turbine-rotor  design was incorporated at 
this time. 

Diffuser Performance 

The 35.7-iuch-diameter burner w i l l  hereafter be  referred  to  as the 
"lsrge" burner. The diffuser performance  of the large  burner was evalu- 
ated, and the r e su l t s  are presented i n  figure 15. The s ta t ions are 4.25 
and 20 inches downstream of the diffuser-inlet  flange. The downstream 
s ta t ion  6 had a diffuser area r a t i o  of' 1.7. As shown in   f igure E ( a )  
f o r  a flight condition of 35,000 feet and a Msch nmiber of Ll6, the aver- 
age dtf ' fber- inlet   veloci ty   (s ta t ion 5) w a s  about' 900 feet per second, 
but the of i l e  is somewhat flatter than  the one for the ariginal engine 
(fig. lOvf This f Latness is probably due t o  the slight change i n   t h e  
third-stage  turbine-rotor  design. A t  the downstream s ta t ion  6, which 
was about 3 inches  upstream of the f lameholder for  configurations 5 t o  8, 
the velocity peak w e s  s t i l l  about 640 fee t   per  second. A t  a flight con- 
d i t ion  of 70,000 feet and a MeLch nuuder of 2.0, the corrected  engine  speed 
dro-ps t o  6600 as explained  previously. The vebc i tg   p ro f i l e s  through the 
diffuser at this  condition are presented i n  figure E(b) .  The peak 
diffuser-inlet   (station 5) velocity is much higher at Mach 2.0 than  that 
fo r   t he  1.16-Mach-nmiber case. The peak f lameholder-inkt  station 6a 
velocity has also r i s e n   t o  almost 700 fee t   per  second. 

The whirl patterns  existing at the turbine outlet for   the   ear l ie r  
engines had exhibited some maximum angles of 150, Eowever, as shown i n  
figure 16 for a s ta t ion  1.8 inches downstream of the turbine, the maximum 
whir1 angk increased t o  over 200. Therefore, i n  an e f f o r t  t o  improve 
confbustion efficiency and reduce over-all pressure losses, a set of ant i -  
w h i r l  vanes were installed for  configurations 6 and 7. The maximum whirl  
angle w w  reduced t o  less than 16'. The velocity  profile behind the vanes 
did not change markedly except for a lower velocity  behfad the inner 
support r ing  (see fig. ?(a)). For 8 production  design,  the vane assenibly 
could  undo&bedlybe bproved, that is, streamlining of the vanes and 
supports and elimination of the bo l t s  and nuts  protruding  into the a5r- 
stream. The total-pressure loss across  the vanes amounted t o  2 percent 
at a Mach rimer of 1.16 and 3 percent at a Mach rider of 2.0. 

5 

I. 
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Configuration 5 consisted of configuration 2 geometry adspted t o   t h e  
large  burner which represented the best design  practice on the basis  of 
reference 5. The perf-nce of configurations 2 and 5 is compared i n  
figure 17 a t  the reference flight condition of 35,000 feet and Mach nuuker 
of 1.16. As shown i n  figure 17, the main objectives of the larger burner 
diameter were attained, that is,  lower pressure drop and, therefore, 
higher temperature for the  same eaaust-nozzle area. The lower conbustion 
efficiency at low fuel-air r a t i o  is not a basic fault of the large  burner, =f: 

(0 but is due t o  the f a c t  (1) that detailed tailorTng of the fuel dis t r ibut ion 
-P t o  optimize c d u s t i o n   e f f i c i e n c y  wa8 prevented by h c k  of time, and (2) 

t ha t  more turbine-outlet swirl WBS present  for the large  burner. (This 
s w i r l  probably w a s  due t o  the slight design change i n  the third-stage 
turbine rotor. 1 

The antiwhirl  vanes were ins ta l led  at this tlme t o   f i n d  a possible 
lmprovement. The performance consparison of configmations 5 and 6 is 

higher for  configuration 6. The burning pressure ikop ia identical .  
However, an  additional 2 percent must be added to the pressure-drqp values 
plot ted for configuration 6 t o  account for the loss across the vaues since 

m presented i n  figure 18. Both temperature  and conibustion efficiency are 

Y 
0 they are ahead of the diffuser-inlet   station. -H 

An aerodgnamically clean design of the vanes would cut the pressure 
drop and improve the thrust and specif ic  fuel consumption. The complica- 
t i o n  and weight would have t o  be considered t o  determine their net w o r t h .  

Since the veloci ty   prof i le  w a s  changed slightly with the wake behind 
the vane support rings, some damage occurred t o  the burner skin. The fuel 
dist r ibut ion was therefore altered to keep the fuel away from the skin. 
This was accomplished by replacing spray bars C with D. A performance 
comparison of configurations 6 and 7 is presented i n  figure 19 t o  show 
.the ef fec t  of fuel distribution. 

The f i n a l  burning temperature for configuration 7 dropped 100* to 
2OO0 R, and the combustion efficiency a l s o  f e l l  lower by 3 to 7 percent. 
The pressure drop remained the same. The results indicate that the f u e l  
dis t r ibut ion was changed more radically  than it should have been just  to 
help  the  cooling problem. 

Again, because the manukcturer w a s  more interested i n  a three-V- 
gutter flameholder for  prototype  purposes, a flameholder of t h i s  type 
w i t h  V-gutters connecting the rings w a s  ins ta l led,  and the antiwhirl  vanes 
were removed. The results of th i s  evaluation  are compared with those of 
the two-V-gutter f lameholder (configuration 5) i n  figure 20 (a) f o r  the 
1.16 flight Mach  number and i n  figure 20(b) for the 2.0 flight Mkch nuuiber. 
The combustion efficiency and temperature are higher for  configuration 8 
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(three-V-gutter  flameholder) for a flight condition-& 35,000 f ee t  and a 
Mach number of 1.16, while  the  pressure drop is slightly lower. The com- 
parison at a   f l igh t  Mach umber of 2.0,  however, is not so  clear cut. 
The pressure drop is essent ia l ly  the same at a l l   t h ree   a l t i t udes  of 45,000, 
58,000,  and 70,000 feet. The conibustion efficiency  for  configuration 5, 
the two-V-gutter flameholder, is higher at 58,000 and 70,000 f ee t  and 
(for the one data point  available) lower at 45,OOO feet. On the basis of 
the  available  data,  configuration 8 (tbree-V-gutter  flameholder) was 
picked  by  the  manufacturer  for the f i n a l  configuration. 

The manufacturer had developed the  sector-burning  principle (where 
fuel is injected  into  only two opposite 90° quadrants) with  the  philosophy 
that locally  fuel-rich  regions would allow  the  burner to  operate  at   a 
lower t o t a l  fuel-& ra t io   than uniform fuel  injection. Light-offs 
(afterburner starts) would be  smoother and lean blowouts would be less 
violent f o r  the  control system,  Therefore, for   the f i n a l  large  burner 
configuration,  this  variable w a s  investigated-only a t   t h e  1.16 flight 
Mach-nuuiber condition. The results  are  presented  in  f igure 21. The 
coldbustion efficiency and temperature  are  higher  for the sector  burning 
a t   the  l o w  fuel-&-ratio range. Then, as the local sector fuel-air 
r a t i o  goes above stoichiometric, the efficiency drops off 86 expected. 

As shown in   f igure  22, the  operational limits do show some advantage 
f o r  the  sector system i n  lowering  the  lean blowout limits. 

For some airfrsme applications,  the Large-dtameter  burner could not 
be tolerated for space  requirement reEb8om. Therefore,  the  manufacturer 
planned t o  put one version of each  burner into  production. A direct  com- 
parison of the performance level of the two productiop  versions was ob- 
tained. The final small-burner configuration consisted of the same design 
fuel spray bars and a scaled-down version of the configuration 8, three- 
V-gutter f lameholder. The performance  comparison is  presented  in  figure 
23 (a) f o r  the 1.16 f l i g h t  Mach  nuDiber and i n  figure 23 (b ) f o r  the 2.0 
flight Mach nuniber. 

A t  all flight conditions,  the conibustion efficiency and t eqe ra tu re  
are higher, and the  pressure drqp is lower for  the  large  burner. I n  fac t ,  
the small-burner production  configuration had 10 percent lower  colnbustion 
ef'ficiency and about 1 percent  higher  pressure  lose than  configuration 2. 
The exhut -nozz le  diameters noted on figure 23 (b) indicate that the 
nozzle w a s  opened st a lower fue l -a i r   ra t io   for   the  small burner. This 
fact, plus the large pressure-loss  difference make it mandatory that the 
final cumparison should  be on a thrust  and specific-fuel-consumprmption basfs. 

When the program w a s  nearing  completion,  the  engine  cape;bilLtiee had 
been  reevaluated by the mnueacturer, and a new thrust and specific-fuel- 
consumption specification  established.  Reference  8 w a s  therefore used as 
a basis f o r  f i n a l  comparison of the small- and large-burner conf9gurations. 

\ 
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This LL~W specification requires an  ejector  using  8-percent  secondmy air 
and assumes an  inlet   recovery  specified by A.I.A. (This curve is shown 
i n  fig. 5. ) The experimental data have been  adjusted for the 8-percent 
secondary airflow by the thrust coefficient (shown i n  fig. 26). 

The variation of specif ic  fuel consumption w i t h  net thrust is pre- 
sented i n  figure 24 for the large- and small-burner adjusted Qata and 
cross-plotted  specification data at a flight condition of 59,400 feet and 
a Mach number of 2.0. Both burners  exceeded the  revlsed  specification 
for the specif ic  fuel consumption. However, the small burner failed t o  
meet the revised thrust specification  by 100 pounds. The reevaluation of 
the engine was s igni f icant   in  that neither  configuration met the original 
specification. A t  a net thrust of 4000 pounds, the specif ic  fuel consump- 
t i o n  for the large burner is 10 percent Larer than the small burner. The 
mBxirmrm thrust of the laxge  burner is 19 percent greater than the small 
burner. 

The re su l t s  of evaluating several afterburner  configurations on an 
XJ79 engine are as follows : 

1. S-le fuel systelh and flameholder  modifications to   t he   o r ig ina l  
configuration raised the conibustfon efficiency and lowered the pressure 
drop resulting i n   s & s t a n t i a l  thrust increases. A p p w n g  these modifica- 
t i ons   t o  a larger-diameter  burner resulted in fmther performance gains 
at all flight conditions  investigated. A performance empariaon of the 
final large- and mall-burner  configurations ehaw that at 59,400 feet and 
a Mach rimer of 2.0, the  thrust advantage for the large burner amounted 
t o  19 percent, and the specif ic  fuel consumption was lower by approximately 
10 percent. 

2. Antiwhirl vanes reduced the w b i r l  signif icant ly  and increased the 
conbustion  efficiency  an  average of 2.5 percent  over the higher fuel-ab?- 
r a t i o  range. nis small increase  probably would not merit the added com- 
plicat ion and increased pressure drop. A comparison of two-V-gutter and 
three-V-gutter 30-percent  blockage  flameholders i n  a 35.7-inch-dLameter 
burner  revealed little variation i n  performance over a wide range of flight 
conditions.  Enriching the center of the burner by moving the fuel-bar in- 
jection holes inward relative t o  the air d i sk ibu t ion  lowered the conibus- 
tion  efficiency  by  approximately 7 percent  over the range of operable 
fuel-air r a t i o s  at 35,000 feet and a Mach tmtber of 1.16. 

Sector  burning,  investigated w i t h  prototype  configuration i n  the 
M g e  burner,  provided  leaner  over-all fuel-air lean blowouts than uniform 
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burning, and also provided higher combwtfon eff ic iency  a t  the Lower fuel- 
a i r - ra t io  range. I n  the higher fuel-air-ratio range,  sector burning 
provided no advantage. 

Lewis Flight  Propulsion  Laboratory 
National Advisory Committee fo r  Aeronautics 

Cleveland, Ohio, September 23, 1957 
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CD 
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P 

P 

R 

T 

v 

Wa 

cross-sectional exeat s q  Ft 

speed of sound 

thrust-cell   force,  U, 

flow coefficient, r a t i o  of actual flow t o  flaw calculated at nozzle 
throat 

velocity  coefficient,   ratio of actual  jet velocity t o  effect ive  je t  
velocity 

diameter,  in. 

Jet thrust, Ib 

i dea l   j e t  thrust obtained from complete expansion of prfmsry nozzle 
to ta l   p ressure   to  mibient pressure, Ib 

ejector  nozzle jet tbrust, I 3  

net  thrust, U, 

fue l -a i r   ra t io  

acceleration due t o  gravity, 32.2 ft /sec2 

Mach number 

engine speed, rpm 

total   pressure,  B/sq ft abs 

static  pressure,  Bfsq  f t  a s  

gas  constant, 53.4 (e)(=)/(=) OR 

t o t a l  t empra tme 

vebcl ty ,   f t /sec 

airflow,  B/sec 
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r a t i o  of specific heat for gases 

efficiency 

afterburner total-temperature  ratio 

Subscripts : 

a 

ab 

ac 

b 

d 

e 

eff 

f 

g 

i d  

tl  

P 

R 

S C  

t 

ua 

0 

1 

air 

afterburner 

actual 

bleed 

duct 

engine 

effective 

f ue 1 

gas 

ideSl 

exhaust  nozzle 

primary  system 

rake 

scale 

t o t a l  

unburned a i r  

free-stream conditions 

engine airf low measuring sta t ion  - 

E 

X 
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5 diffuser-inlet  station 

6 f lameholder-inlet  etation 

9 tailrake s ta t ion  
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APPENDIX B 

NACA RM E57118 

A i r f  Low. - A i r f l o w  w a s  determined f r o m  pressure and temperature 
measurements obtained i n  the  engine-inlet  duct. These  measurements  were 
used i n  the  following  equation: 

PA - 

w a r n  ,/=I - 

The right hand side of the  previous  equation is l i s t ed  as a  function of 
p/P i n  reference  9. Simple  rearrangement of the  equation  then  yields 
airflow. 

The 0.997 factor  w a s  determined from the  estimated  leakage  Obtsfned from 
the manufacturer.  Instrumentation i n  bleed  stacks that vented compressor 
leakage air measured wa,b. 

G ~ t s  flow. - Gas flaw w a s  obtained  by  adding  the t o t a l  fuel flow t o  
the airflow at stat ion 5 

wf t %, 9 wa,5 + & 
Equivalence ra t io .  - Equivalence ra t ios  were determined SB follows: 

s = -  f 
fst 

where S i O  the  equivalence ratio and the  aubscript st, stoichiometric. 

. 

For the fuel investigated herein, 

f s t  0.06745 
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Theref  ore, 

where St,ac is the actual  equivalence ratio based on total fue l  flow. 

Fuel-air  ra t io .  - Fuel-air r a t i o  based on unburned air w a s  found by 

*us = 0.06745 rty7 - - Se,id 

where Se,id is the ideal equivalence r a t i o  for the temperature r i s e  from 
engine-inlet  to  diffuser-inlet  stations (Shawn i n  a t a b l e   i n  ref.  LO). 

Conibustion efffciencg. - Conibustlon eff icfency w a s  then determined by 

where Sti i s  the  ideal  equfwlence  ratio for  the t qe ra tu re  rise from 
engine i n l e t   t o   t a i l p i p e  exit (shown i n  a table i n  ref.  LO). 

Jet thrust. - Scale jet  thrust was determined from the faci l i ty  
thrust c e l l  and the pressure force across the  seal area &. 

Velocity  coefficient. - Velocity  coefficient was determined f r o m  
aonburning data as follows : 

{+ = 0.99 fo r  the range of data obtained) 

where Veff/ is an effective  velocity parameter which ia a function 
of po/P9 and y ( ref .  9 ) .  
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Gas temperature. - Afterburner t o t a l  temperature was calculated  as 
follows : 

Flight Mach number. - Mach nmiber was calculated from engine-inlet 
conditions and an assumed total-pressure Loss. 

Diffuser-inlet Mach nmiber . - Mach nmiber w a s  determiued from the 
measured quantities w ~ , ~ ,  T5, P5, and A5 and the following equation, 
assuming a 0.9 area  coefficient f o r  the flow passage: 

wg,5 T5 R M 
Asp5 Y g =  

(l + q M2) 
The right  side of this equation is l i s t ed  as a function o f .  M and y i n  
reference 11 where y = 1.34 should be used for  diffuser-inlet  conditions. 
The measured static  pressure at s ta t ion 5 checked  very closely with a 
calculated  statFc  pressure which was obtained from the pressure  ratio 
P/P listing i n  reference 11. 

Diffuser  velocity  profiles. - With the use of an  actuated  probe that 
measured t o t a l  pressure,  sta+ic pressure, and temperature across the pas- 
sage at a given-station;  velocity could- be calculated using the stme 
reference 11 and the following equations : 

F 

and 
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When stat ic   pressure was not measured, it was calculated  as  explained i n  
the  diffuser-inlet  Mach-nmiber calculation, and a f la t  prof i le  w a s  assumed. 

Net thrust. - Net thrus t   for  comparison with the  engine  specificatfon 
of the manufacturer w m  calculated in the  following manner: 

1. A flight condition was picked from the engine-inlet  total  pressure 
of the  experimental  data and the ram recovery f o r  the  partfcular 
specification. 

For example, at a Mach nmiber of 2.0, is 0.90 as sham i n  figure 
25 (ref. 8). (In re f .  7 ,  qa = 1.00. } So tha t ,  

y2 1080 
qa 0.90 P o = - = - P L 2 1 1  

A t  a Mach number of 2.0, po/p0 P 0.12780 and, therefore, 

po = (0.1278)(1211) = 154.6 

which corresponas t o  an  altitude of 59,400 fee t .  

2. Then, an i d e a l   j e t  thrust was calculated from 

3. B y  using the ejector performance  curve, Fej/Fip w a s  Obtained f o r  
the proper secondary airflow and prFmary diameter. F rom reference 8, 
ws/wp E 0.08 (ref. 7 , ws/wp = 0.07 ] as shown in figure 26. 

4. Finally  net thrust was obtained 

F, =I Fe3 - 1-08 %Vo 
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where 1.08 = 1 + secondary-f lov percentage, and Vo = 1942 feet   per  
second for  % - 2.0. An alternate method f o r  calculating net thrust  m y  
be employed if the tank ambient pressure ptanlr equals the ambient pres- 
sure po calculated. The scale jet thrust must be adjueted t o  idea l   j e t  
thrust  by the  following: 

The r a t i o  ViiiJVeff may be obtained from reference 9, and CD was ob- 
tained from nonburning data (choked flow) 

(% = 0.99 far the  range of data obtained. ) Then the steps 3 and 4 may 
be calculated t o  obtain  net  thrust. 
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TABLB I. - 
Run Cccrpre.Ior- Tallrake mfmser- " m e r -  Tank Cmpreasa-  C a m p n 8 m -  Engine Variable Fl ight   Alt i tude,  

Pt 

sq Tt ab8 aq rt ab8 

Ib/sm Pgn P ~ S E S U ~ .  T5, Ptanlrs Ppr 

I n l e t  total i n l e t  inlet total &lent i n l e t  total i n l e t   t o t a l  speed, s tator  Kaoh 
number, a i r f l e a .  prsssurs, t o t a l  tomperatwe, pressure, promnure, temperature, N. posi t ion ,  

%s '2 8 des  fica 
nOeinal 

PosOE~on 
OR l b  P5' OR lb l b  

Ib W f't a s  
8q ft abn 

(1) C d i ~ . L i Q L  3; 

22 
18  1092  696 7480 2 . 0  58,000 

55. GO 1425 1582 1532 
5 s . m  1407  1590  1551 

190 1095  696 21 

55.85 
192 

1365  1588 1552 197  1094 
20 

63.44 1586 1584 
54.05 

1555 
1385  1595 

194 1096 
1538 199 

15 7465  701  1093 191  1522  1615  1409  51.76 
14 7475 699  1094 201 1516 1611 1414 
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52 .OB 
16 
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1629 1481  51.82 
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~ 
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1599 
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1390 
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172 
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164 1545 
159 1558 
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1642 
1648 
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~~ ~~ 
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1532 
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7679 
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- 

I 2*r .I6 

2 . w  

1 

- 
4 
3 
8 
9 

5 
7 

10 
6 

38 
39 

36 
57 

34 
35 

40 

li 
11 
13 
12 

la  
17 
16 
15 

22 
25 
23 
21 
24 

26 
21 
28 
28 
5 0  
51  
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2694 
2702 
2708 
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l l s 9  
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1524 
1525 
1499 
1504 
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2317 89.54 

8S.15 
a22 89.07 
2546 89.21 

L 
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w.3 
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500 
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495 
495 
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312 
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x15 
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I94 
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1% 
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155 
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L55 
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2S5l 
2566 
2417 
2464 

2587 

2552 
2571 

2585 
2645 

2607 
2621 

856 
881 
859 
868 

875 
876 
875 
879 

1561 
1310 
ls5l 
1589 
un 

736 

731 
I20 

740 
759 
749 
750 

89. 75 
88.10 

80.60 
89.37 

106.86 
108 .55 
106.64 
106.80 
107.99 
106.99 
108.72 

s . 7 4  
3S.26 

15.50 
15.50 

35.58 
53.56 

55.37 
3S .65 

57.16 
58.88 
56.16 
57.61 
5 B . M  

30.74 
30.92 
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30.84 
50.73 

30.17 
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1505 

1507 
lso9 
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709 
702 
707 
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SO5 
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7 0 4  

m 5  
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706 
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me 

zoE3 
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2047 
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43  7 
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lDgs 
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m e  
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1514 

1546 
1546 
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1514 

1522 
1516 
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1% 
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65,000 

t 

58,000 

1 

5016 
m 
2997 
5014 
5075 
5025 
2966 
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995 
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1WO 
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891 
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1612 
1585 
1618 
1593 
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862 
867  
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1517 
1516 
1514 
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15S6 
1546 
1556 
1531 
1537 

1550 
1556 

1546 
1548 

1545 

1540 
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ratio, 
p5 - p9 

29 -20 
29.63 0.755 0.132 0.54 2.257 

.784 
29.22 

.125 .54  2.217 
.755 -128 

28 .u) -803 
-54 2.177 

27-07 . n 4  
-115 
-099 

-54 2.067 
-54  1.795 
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2095 11,520 54.16 .Wl8  6,730 3503 
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28.33 
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1695 
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1550 
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- 
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9.946 
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13.445 
w.594 
3 ,286  
5.249 
3,388 
.2.9?3 
J.996 

3,922 
3,947 

3,805 
3,806 

3,750 

3,513 
3,485 

7.147 

6,908 
7,092 

6,857 
6,679 

3.4w 
3,418 
3.459 
3,425 
3,346 
3,295 
3.228 

3,596 

- 

O.Og6 
-066 
-081 
.os5 

.ox) .ou 

.OS6 

.os2 

.043 

.w 
-04l 

.039 

. a 9  

-055 
"8 

.070 
-061 
.OS6 
.a53 

.a48 
-042 

.036 

.038 

. a 4  .042 

.w 
-035 
.os4 

.053 
- O M  
. O M  

-044 
.042 .as 
.037 

0.708 - 712 
.785 
-799 

.A18 
-816 

.822 
-782 

.a24 

.865 
-827 

.844 

. a38 
-716 
.819 

3 4 9  
-598 
. m 4  
.E38 

.638 

.612 .go3 
-634 

-780 
-778 
-774 
.747 
.733 

2-33 
2.33 
2-36 
2 -2s 

2.20 
2 .02  
1.91 
1.77 

29 -87 
28.87 
29.36 
28.96 

28.67 27.85 27.06 
26.38 

29 -64 

29 3 6  
29 -95 

29.02 
28.73 
28 -43 
27.39 

29.09 
2a -80 
28 .XI 
28.31 

27 .86 
2 7 5 4  

28.54 
26.98 

29-46 
29.10 
28.90 
28.42 28.09 
29.88 
29 .89 
29.51 
29.08 
28 -71 
28.37 
27.95 

0.143 
-144 
-141 
-134 

0.54 .54 
-53 
-53 

-51 
5 4  
-53 
-53 

.60 

.60 
-60 
.BO 
.59 

-61 
-60 

.55 - 56 
-55 
.55 

-55 

-56 
.55 

.55 

.Ea .a .6a 
-60 
-60 

-60 .62 
-62 
.61 
-61 
.62 
.61 

.I31 . n e  

.111 
-104 

-148 

.149 
-148 

.lU 
-142 

.ls4 

.121 

-I33 
.I34 

-131 
.128 

-125 
. l l 9  
-117 
.114 

-154 .Lx) 
-148 
-142 
.139 

3199 
3208 
3142 
3 100 
3081 

25x) 
2918 

3237 
3165 
SO92 
3056 

2930 
2714 
2604 
2584 

3160 
3107 
3016 
2805 
2757 

2.09 
2 -12 
2 . a  
2.00 
1-99 
1.91 
1.67 

2.08 
2.13 

2 . a  
2.01 

1.93 

1.72 
1.79 

1.m 
2.06 
2.01 
1.m 
1.85 
1.79 

4,685 32.08 
4,300 32.15 
4,285 51.96 
3,975 32.04 

3.475 31.92 
3.675 31.62 

3.290 31.66 

3072 
2914 
2989 
2877 
2830 
2668 
2611 

1.98 
1.90 
1.93 
1.86 
1.85 
1.75 
1.70 

-135 
-142 



24 

4-2 35,OoQ 1-16 
4-4 

7 
6 
5 
4 

1 
2 
8 

4 # 5  

4-8 45.000 2.00 

4;3 
T 

4-6 58,OOO 1.16 
1.16 
2.00 

10 
14 70.000 
15 t i 

1 
1 
0 
0 
0 
0 

0 
0 
0 
1 
1 
0 
2 

1 
' 1  

% 
G 
2 
2 

0 
0 

10 45,oao 2.00 2.0 
11 t t 2 . 0  

74m 
7474 
7477 
7476 
7475 
7468 

7478 

7467 
7474 

7468 
7472 

7740 
7467 

7183 
7466 

7681 

7688 

7688 
7885 
7688 - 

612 
505 
496 
496 
496 
497 

498 
498 
494 
503 
507 
493 
703 

503 
505 

703 

699 

702 

701 
m 4  

l b  I l b  ps. l b  
sg rt aba sq ft abs lb sq ft, abs 

sq rt nbm 

1148 
1152  510 

508 
1154 500 

1154 
1154  495 

489 
1152  490 

1152  494 
1156  495 
1151  498 

1152 
1145 507 

492 
1161 
2085  294 

497 

371  178 
369 

1101 x)B 

181 

1095 204 

1487 
1486 
1505 
1503 
151s 
1514 

1512 

LM)9 
L505 

1486 

lsoB 
1490 

1556 

2771 
2799 
2889 

2878 
28BB 

2877 

2868 

2864 
2861 

2802 
2804 
2855 
s.3M 

2468 
2502 
2667 
2578 
2599 
2615 

2615 
2621 
2610 
2588 
2592 
2645 
2924 

1513 
1524  961 

894 Bop 

1555 
7'13 

1777  1557 

1551  1768  1557 

1549 

1555 

89.70 

92.& 
90.01 

92.50 9z.m 
92-28 

91.97 
92.50 
92.10 

80.53 
92. W 

114.14 

29.78 

6Q.l? 
60.07 

sa.m 

2a.44 

60.92 
12-97 
31.15 

7457 

7460 
7460 

7460 
7455 
7483 
7456 

7731 
7715 

507  
507 "I 

507 "- 
508 "" 

508 I" 

5 0 s  
507 

704 "- 
709 "" 

-" 
I" 

" 

500 
481 
478 
464 
a? 
468 
494 

329 
522 

1582 
1571 

1568 

1566 
1570 

1566 
1651 

1571 

lms 

2680 
2850 
2850 
2825 
2825 

2824 
2810 

3286 
3235 

2577 89 .&l 
2561 as- . s7  
2584.  89.87 
266s 
2580 

8s- -00 

2588 
89.72 

2618 
8s .eu 
89.74 

2857  111.10 
2824  112.30 

(a)  C d i g u - a t i o u  7; ho-V-rl8uehOlder; mtisrlrl 

1 5 . r  1.16 

0 74s2 
0 7453 518 1140 - 510 15E7 2684 n80 88.OI 

517 
0 7458 

1143 502 1519  2661 2575 8a.u 
51  7 

6 0 748s 
1157 505 1513  2658 a 7 6  

51 7  1135 
87.88 

0 7451 
8oc 

517 
1514  2657 2392 87.66 

4 0 7449 
1138 489 1506 2660 2411  87.17 

518 
10 0 745l 

1117  482 
616 l l S 9  517  1524 2697 25ca 

1509 
W.06 

2031 285 155s 3104  2745 1 o B . P  
I086  166 1539 1608 14222 66.90 

167 1515 1641 1474 58.12 

612 1m 1585 em 774 31 .IO 

e642 2416 87-01 

ii 2 - r  

2.0 7705 710 
2 .0  7684 713 
2.0 7898 

16 70,000 2.0 7688 

ms 1086 
2.0 7670 708 1094  167  1565  1657  1495  58.02 

me 

nPrimnry un1rorm 
both seotor 
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L 

"r 
H 
0 

4510 

27.89 
28-28 

3336 11,047 .0489 94.97 l l .980  4700 

28.88 
29 -00 

36M ll.568 -0596 96.20 15,310 4690 

29.07 
29 -20 

3891 11.409 -0689 94.87 96.910 4560 
3741 11,313 0.0671 93.80 16,750 

(870 

3514 11.421 .w 95.77 u . 9 m  4700 

s n 7  u . 7 ~ 1  .as= 96.52 1 e . 9 ~ )  

48Bo 

28 -83 
25.43 

3 M 8  14,423 .OS44 117.11 13,300 4955 

25.70 
2489 9,535 .0301 94.39 7,705 4690 

26.80 
2617 9,516 -0309 92.02 b7:780 4445 

26.11 
2637 9,521 -0315 92.24 a7 825 4560 

26.65 
2774 9,S87 .a58 93.88 8.620 4660 

27.23 
2945 10,334 -0374 94.50 9,525 4660 
3171 10,712 -0425 94.34 10,760 

1535 

29 -04 3S64 7.577 .0457 61.73 7,860 2645 

29.70 3614 7,884 -0524 62.16 9,040 2635 

28.79 
3427 3,338 .W43 29.66 45:055 1460 
3439 3,560 -0729 31 .m 5 990 

28.70 

2645 

antiarirl ranee installel 

28.74 
2s.m 

3035 3.6s .0434 34.00 4,100 1470 

27.77 
3407 3.822 .a 34.03 4.850 1440 
2880 7.055 -0553 62-09 6,156 

0.787 

.7m -785 

.a45 
-827 

-882 

.8TL 

.as9 

.m5 
-769 
.7bc 
-684 
-87'1 

.go4 
-677 
-878 

-863 
-767 
.7B1 
-72a 

0.110 . IOB . lo6 
-101 
.OB7 
-092 

. O W  

-079 
-083 

.078 
-076 
-074 . I22 

.095 
-102 
-124 

-119 

.lo5 
-132 
-125 

0 3 1  
.51 
-51 

.51 

.a 
-51 

.51 

.51 

.51 
-51 .Fa 
-52 
-57 

-53 
.53 
-56 

.x 
-58 
-58 
.59 

2.515 

2.472 
2.484 

2.323 
2.406 

2.203 

2.086 
1.960 
1.850 
1.774 

1.W 
1.796 

2.088 

2.274 
2.246 
2.324 

2.169 

1.846 
2.186 
1.952 

4720 
4735 

93.42 16,925 

91.98 10.215 4700 
e2.33 11.905 4700 
93.08 13,850 4700 
93.28 15,400 

4680 6,855 91-06 
4680 8,535 91.39 

0.0692 
-0627 
-0552 
-0464 
.m15 
.03M 
.0276 

28.47 
28.34 
28.10 
27.65 

2s .ll 
28.28 =.sa 

0.785 

" 0  
. 8 U  

-898 
-893 .am 
.772 

0 -099 
-100 
-100 .om 
"7 

-073 
.OB1 

0.50 
-51 
.61 
-51 
-51 

2 5 9 9  
2.387 
2.286 
2.188 
2.044 
1.876 
1.631 

5100 

vane6 installed; new aprw-bar 8 p a O I n g  

2-178 .58 2.245  .58 
. E 7  
.l31 

. 9 l l  

.915 
29 -22 
29-66 

3380 14.572 .WS7 115.21 l3.970 
3517 14,952 -0475 116.39 15,315 

2535 
2450 

2515 

16,955 

34888 10,702 .OS60 91.05 15,700 
3582 10,912 .0628 81.77 15,370 

2 3 6 2  0.53 0.107 O . B g 8  28.96 3596 10.968 0.0691 92-14 
28.85 -755 . lo8  -53 

1.678 -63 .m .5s9 
1.509 .55 

28.16 
-098 .xn 27.03 

2653 3.318 .0367 32.54 3,580 

1.573 .a, . 102 .5Bo 28.93 
2562 6.281 .a12 58.94 5,195 

1.777 -60 .ll3 -884 28.36 
2bJ1 6.372 -0314 59.05 5,195 

1.892 -59 -116 .821 2a38 
2735 6,616 .0356 58.09 5,815 
2601 13,159 .03U 111.22 10,730 

1.4s4 .52 1.8W -53 .om . a 5  
.OB8 -803 

24.41 
28.55 

2286 8,398 -0279 89.33 6,855 

2.092 .53 .084 -850 27.35 
2852 9.640 .0359 89-60 8,770 

2.223 .53 .loo -854 28.m 
309s 10,106 .0419  89.99 10,225 

2.291  .53 -105 -797 2a.m 
3387 10,483 .04s1 90.36 11,950 

2.345 
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TAB= 11. - Concluded. 

Itun Altitude, Plight  Variable Engine 

number. paattion. 
des rran rgn 

nm- po:Knl 
- 

6 
5 
4 
3 
2 

1 
12 
13 
11 
10 

16 

10 
9 

8 
7 

14 
9 

15 
14 
13 

12 
11 
16 

5 

6 
7 
8 
4 

8 
9 
7 
6 
5 

4 
3 
2 
22 
23 

21 
24 
20 
25 
19 

8 
6 
7 
6 

10 

4 
3 
2 

11 
5 

12 

I3 
12 
11 
10 
9 

t6 

16 

17 - 

35,000 

T 

- 
7461 
7461 
7459 
7464 
7459 

74e3 
7458 

7489 
7483 
7486 

7258 

7464 
7470 

7432 
7 6 9  

7491 
1483 
7490 
7465 
7466 

7461 
7459 
7484 
7471 

7478 
7472 
7477 
7475 

7 4 8  
7475 
7484 
7473 
7474 

v u 4  
7474 
7474 
7728 
7733 

1727 
7 m  
7728 
7730 
7 7 3 2  

7478 
7462 
7464 
7468 
7479 

7U6 
7 4 5 1  
7449 
7451 
17435 
7751 

77ah 
7m 

7711 
7714 

7614 

7664 

7665 

7me 

500 
500 
sa, 
MK, 
499 

502 
510 
510 
512 
515 

507 
501 
Sa? 
505 
5oc 

509 
518 
508 

504 

504 
504 
508 
510 

505 

E 
505 
514 - 
501 
501 

502 
502 

503 

505 
505 
5oB 
706 
700 

700 
706 

707 
7w ma 
502 
503 
503 

502 
503 

507 
509 

500 
51 0 

703 
705 

XI? 
708 
708 
708 
711 

704 

704 

7a5 

Cospressor, 
inlet   to ta :  
prossurs, 

8g f t  ab6 
l b  
P2r 

1147 
1146 
1144 
1144 
1 1 9  

1147 
1139 
ll40 
1142 
1157 

11M 

1142 
llsl 

1165 
1144 

1158 
1143 
1136 
lls9 
1150 

1132 
1146 
1145 
1141 

1136 
1141 
1139 
1141 

704 
710 
702 
712 
m 9  

704 
709 

2337 
7 10 

2031 

2042 
2a32 
2046 
2042 
2050 

434 
43s 
435 
433 
431 

432 
431 
430 
431 

1173 
1165 

la69 

1086 
1096 

1080 
loea 

615 

615 

615 

502 
494 
494 
501 
489 

493 
485 

512 
497 

505 

490 
492 
493 
492 
499 

503 
505 

k? 
497 

491 
474 

501 
x)2 

486 
515 
489 
492 

308. 
316 

306 
287 
515 

316 

325 
311 

329 
517 

318 
302 
297 
295 
306 

Ls4 
120 
l24 
136 
137 

128 
1s2 
132 
145 
174 
146 

187 
1sB 
176 
179 
175 

156 

180 

180 

lS42 
1641 
1557 
1557 
1529 

1532 
1523 
1509 
1513 
1515 

1M)B 

1502 
1493 

1496 
1499 

1601 

1502 
1505 

1460 
1437 

1466 
1465 
1463 
1519 

-1s 
1614 
1521 
l S l 3  

E18 
1514 
1517 

1521 
1525 

la8 

1519 
1519 

1545 
1544 

lS48 
1547 

1552 
1646 
1646 

1514 
151s 
1510 
1516 
1510 

15l3 
1518 

1521 
152S 

1525 
1511 

1567 
1664 
1654 
1554 
1557 

1582 

1590 

1578 

2885 
a50 
28Bo 

2859 

2886 

286s 

-" 
" "_ 
2693 
2681 
2688 

2701 
2670 

"_ "_ 
2595 
2600 

2678 
2607 
2596 

"" 

" 

I" 

"I "- . 
"" 

1674 
1677 

1680 
1669 

1662 

1665 

16F7 
1668 

5240 
3223 

3232 
3245 

3264 
3247 

3245 

999 
993 

997 

9BB 
982 

996 
993 
989 

1811 
980 

1806 

1717 
1721 
1701 
1694 
1695 

931 

93.5 

930 

2684 

2813 
2618 
2628 

2675 
2509 
2376 
2394 
2105 

2413 
2325 
w 
2319 
2355 

2412 
2442 

2176 
2251 
2252 

2242 
2275 
2310 
2445 

2554 
2476 
2499 
2494 

1460 
1405 
1472 
l4sO 
14S2 

1494 
1498 
1W6 
2833 
2830 

288s 
2896 
2927 
2916 

856 
867 

871 
874 

882 

887 
889 
893 
904 
1558 
1544 

1501 

1491 
1608 

I491 
lS00 

831 

BM 

818 

2sm 

2nm 

lrrtlal 8; 

90.92 
90.92 

90.71 
90.77 

91 :x 
80.18 89.82 
89.92 
89.86 

~~ 

88 .si 
90.90 
w . 9 1  
91.38 

80.85 
91.34 

88.85 
68.45 
63.95 
90.79 
91.40 

w.m 
91.10 
90.88 
89 -86  

89 -87 
90.34 Bo. 70 
89.34 

58.55 
56.12 

55.98 
M .46 
56.26 

56.03 
56 .OD 
111.72 

65.85 

111.90 

111.82 
111.62 
111.13 
112.47 
111.55 

54.23 
34.25 
54.10 
54.59 
54.14 

53.84 
35.78 
33.58 
34.20 
66.69 
66.52 

5a.75 
58.81 
58.6s 
68.69 
5n.54 

32.25 

32.25 

31.97 
I 
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- 1 
H 
0 

three-V-ilemholdcr - 
4745 
4735 
4735 
4735 
4755 

4735 
46m 
2860 
4630 
463.0 

M40 
4630 
4620 
4600 
4650 

4670 
4580 
46ea 
4445 
4465 

4445 
4495 
4455 
46650 

2870 
4670 
4 m  
4630 

2935 
2925 
2916 
2916 
2905 

2905 
2905 
2905 
4920 
4920 

4930 
4920 
4930 

4910 
4950 

1775 
1775 

1765 
1775 

1765 

17S5 
1715 
1745 
1765 
2950 
2925 

2625 
2625 
2800 
2575 
2585 

1460 

1460 

1 4 S  - 

- 
16,905 
15,ooo 
w , 4 s  
U.6Bo 
9,910 

L5,955 
8.195 

LC.3M 
L2.655 
LO. six 
a, am 

w, 9e4 
13,970 
W,630 
w, 460 

:: z 
7,540 

12.600 
12,600 

L2.375 
11,995 

t3.630 

11.825 
10.250 
8,030 
5.610 

a.270 

:: % 
7.555 
6.163 
9.600 

7.430 
5.850 

A.225 
4,425 

.3.330 

. 2 . m  

.I, 785 

.o 990 

.0:0SO 
8.375 

5. ero 
5,495 

3.770 
4,665 

3.100 

4.125 
3,445 

2,125 
2.7Y5 

9,090 
7,930 

8,255 
8,365 

6.855 
7 . w  

6,195 

4,955 

4,475 

3,755 

- 
94.49 
95.02 

93.91 
9 s . u  
93 -48 

92.17 
93.30 
92.94 
92.22 
91.08 

82-38 

94.26 
91.12 
93 sa 
91  -47 
90.05 
81.09 
93 -26 
93 .a6 
83.19 
93.40 
92.15 
92.69 

92.20 
92.22 
91.97 
89 -96 

58 2 0  

57.49 5T.57 
58.32 

57.47 
57.12 

!14.69 
56 -49 

.14.82 

114.35 
113.92 
113.80 
114.29 
.13.18 

35.49 
55 -41  
35.04 
55.07 

93-81 

58.43 

34.134 

34.82 
34 3s 
34.43 
33.99 

67-68 
sa 3 7  

60.57 
60.59 
60 -27 

57.55 

33.35 

33 -22 

9 . 7 4  

BO .oa 

0.0675 .o600 
. o w  
.a395 

-0538 

-a333 
-0649 
-05.91 
.On7 
.0450 

-0491 
-0478 
.OS31 
.os55 

-048s 
-0416 
. a 2 7  
.0236 

. a 2 6  
-0576 
.om5 
-0- 
.os21 

-0467 
-0383 
-0294 
-0446 
.oua 

.osm . a 9 6  

-0348 
-0316 
.W96 

.0623 

. W 6  

-0401 
.om1 
.a 
.04M 

-0506 
.On9  
.0480 
. O m  

-0489 
.a494 
.0449 
. O m  
.a374 

-0535 

.04W 

.0412 

-0578 

.1,933 

.1,684 

.1,117 

.1,599 

.0,737 

.a,om 

.1,434 

.1,242 

.0,817 

.o, m 

.o, 056 

.1.205 

.1,168 

.I,= 

0.- 

.0:693 

.0,796 

.o, 660 

.o, 776 

.0.08& 

.0,164 
9.s49 
9,857 
8,874 

6,929 
a,szG 
6,652 
8,433 
5,924 

6,115 

.I,2S6 

2% 

9,525 

6.055 
5.727 

4,375 

4.255 
s.ma 
3  748 s: 468 
s.084 

4.297 
4,339 

3,894 
3.504 

3,855 
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Figure 2. - The variation of inlet-guide vane and variable stator  position with corrected engine speed for 
the original schedule and for the reset schedule i n  effect  at all englne-inlet temperature of 705O R. 
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Secondary -1 flow 

figure 3. - The relation between amDunts of fuel provided in the pimary and secondary fuel systems 
during sector end uniform burning by the selector valve. 
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(a) Fuel system u s d  during investigation. 

Figure 4. - Schematic drawing of afterburner. 
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(b) Tandem fuel-spray-bar  manifold showing top and bottom sections 
providing fuel during  sector burning. 

Figure 4. - Concluded. Schematic drawing of afterburner. - 
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( a )  Schematio drawing or vanee. 

. 

Figure 6. - Turbine-outlet section Bhowlng i n a t a l l a t i o n  of 36 epually spaced antiwhirl vanes. 
( A l l  aimensions I n  Inchee.) 
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(a) Flameholder projected  area of designations A and B, 313.5 and 253.5 
square inches,  respectively. 

1.84 

(b) Flameholder projected  area Qf designation B, 270.6  square  inches. 

Figure 7. - Schematic diwams of. fbgeholders.  . (All- dimensions . .. are in inches. ) 
" 
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( c )  FlameMlder projected area of deBignati0LI D, 291.7  square inches. 

Flaneholder 
E F  

(a) Flameholder projected area of designations E and F, 304 and 284 square inches, 
respectively. 

Figure 7 .  - Concluded.  Schematic diagrams of flameboldem. (All dimensions me i n  inches.) 
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. 

Percent passage height 

Figure 10. - Veloci ty   prof i les  through the difPuser of the or ig ina l  configura- 
t i o n  (1) at a flight condition of 35,000 feet and a Mach number of 1.16. 
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Afterburner  temperature  ratio, 7 

Figure U. - The  variation of afterburner 
performance  parameters  wlth  afterburner 
Azel-air and afterburner  temperature 
ratio at a flight condition of 35,000 
feet and a Mach number of 1.16 for the 
prototype  afterburner configuration. 
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Figure 12. - The variation of afterburner perfonnance peram- 
etera with  afterburner fuel-air and temperature ratio abow- 

t ion,  35,000 feet, Mach number of 1.16. 
ing a comparison of configuratione 1 and 2. Flight condl- 
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Figure U. - The effect of varfable stator  paition 
and flameholder poaftion on the variation of after- 
burner  performance  parameters with afterburner fuel- 
air and tempereture ratio. plight condition, 58,ooO 
feetJ Mach number, 2-01 inlet recovery, 85 percent. 
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Figure 14. - The variation of specific fuel consumption with net thrust ehowing a comparison of 
experimental data with manufacturer specification. Flight condition, 61,400 f e e t i  Mach number, g 
2.0; ram recovery, 100-percentj  secondary f l o w  with typical   e jector  performance, 7-percent 
secondary flow (croseflotted f rom ref. 2, a p p l t d  to experimental h t a )  . F 
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(a) Flight  conditions, 35,000 feet; Mach number, 1.16. 
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Figure 15. - Concluded. Velocity profiles through the  diffuser of the  
large burner. 
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Afterburner  temperature  ratio, T 

Figure 17. -. Tha .variatIpn of p f t e r b ~ e - ~ r f ~ - c e p a r a a -  
e t e r s  for the large burner (emall burner, configurEtiOn 2, 
sbvn for reference). Plight conditions, 35,000 feeti Mach 
number, 1.16. 
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Afterburner  fuel-air ratio, fiIR 

1.4 1.6 1.8 2.0 2.2 2.4 2.6 
Afterburner  temperature ratio, 7 

Figure 18. - The effect of  inatallation of antiwhirl  vanes 
on afterburner  performance parameters. Flight conditions, 
35,000 feetj Mach m e r ,  1.16. 
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Figure 19. - The effect of fuel  distribution on afterburner 
performance parameters. Flight conditions, 35,000 f'eetl 
Mach number, 1.16. 
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(a) Mach number, 1.16. 

Figure 20. - The effect of flameholder configuration on af terburner  per- 
formance parameters. 



54 NACA RM E57118 

1.4 1.6 1.8 2.0 2.2 2.4 
Afterburner temperature ratio, T 

(b) Mach nmber, 2.0. 

Figure 20. - Concluded. The effect of flameholder configura- 
tion on afterburner performance parmeters. 
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hfterburner fuel-air ratio, f..* 
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Figure  21. - The efPect of sector burning on afterburner performaace par- 
ameters for mnfiguration 8. Flight Mach number, 1.16. 
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Figure 22. - Afterburner  operational  characteristics with uniform and sector bum- 
ing for configuration 0 .  Plight  Mach number, 1.16. 
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Figure 23. - W e  effect of burner alae op afterburner 
performance parameters. 
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(b) Flight Mach number, 2.0. 

Figure 23. - Concluded. The effect of burner size on afterburner 
performance parametere. 
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Figure 24. - Variation of epeciflc fuel consumption xith net thrust 
showtng mmparfsoa o f  manuPactxlrer specification8 KJth RACA data. 
night condition, 59,400 feet; Mach number, 2.0; inlet recovery, 
90 percent. Secondary flow, 8 percent. 
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20 22 24 26 28 30 
Primary  diameter, in. 

Figure 26. - Estimated ejector  thrust coefficient 
variation  with  primary  diameter  (crossplotted 
from data in  refs. 1 and 2). D i a m e t e r  ra t io ,  
1.25; spacing ra t io ,  0.71; primary pressure- 
r a t i o  range, 9.0 to 10.0; primary total- 
temperature range, 250O0 t o  3600° R. 
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